Abstract. We analyse the relationship between international sourcing, measured as imports of intermediate inputs, and the technical efficiency of firms in the information and communications technologies (ICT) manufacturing industry in Sweden. Using stochastic frontier analysis, we provide evidence that global sourcing improves firms' capabilities to combine and re-combine inputs in productive ways, thereby increasing technical efficiency. We find a robust relationship between technical efficiency and international outsourcing. First, we find that firms that are deeply integrated into global sourcing networks are closer to their own production frontier. Second, firms that are engaged in international sourcing are also closer to the industry efficiency frontier. These findings are consistent with the argument that international sourcing stimulates firms' capabilities by enabling them to identify and adopt higher quality inputs or more efficient production and management practices. These findings also suggest that the variety and extent of firms' global sourcing networks constitute an important source of differences in efficiency levels among firms the ICT manufacturing industry.
Introduction
International outsourcing has grown considerably in importance in recent decades. Falling trade and transportation costs in addition to advances in information and communications technology (ICT) enable firms to source production inputs globally and exploit global differences in comparative advantage across production stages. These trends leave clear footprints in global trade patterns. Hummels et al. (2001) show that vertical specialization -trade in intermediate goods that are imported and used to produce export goods -is a key feature of modern globalization. This is indicative of a wider trend of the global disintegration of production and is one of the main factors driving growth in world trade since the 1970s (Hummels et al. 2001) .
Closely related to the growth in global sourcing is the evolution of the internal organization of firms. In many industries, firms no longer produce final goods along with all inputs to production that go into the manufacturing process, but rather modules that seamlessly integrate into a larger system. Aided by codification and standardization of tasks and routines, modular production systems are organized such that a good may be produced in stages by different firms (Baldwin, Clark 2000) . For instance, the production process for a personal computer can today be described as modular, where computer design, chip production, operating systems and final assembly are performed by different firms (Dedrick et al. 2007) . Modularity eliminates the need to specialize in all stages of the production chain, enabling firms to benefit from scale economies of their suppliers. It also gives rise to a greater degree of standardization, which ensures that firms can access the right components or inputs for their needs (Sturgeon 2002) 1 .
These developments have naturally led to an interest in the economic consequences of global sourcing and internationally fragmented production. Even though there are several arguments in favour of a positive effect of global sourcing on firms' performance, empirical evidence is limited and has so far produced rather mixed results (Bas, StraussKahn 2014; Lööf, Andersson 2010; Amiti, Konings 2007) .
We contribute to the literature with a firm-level analysis of the influence that global sourcing has on firms' efficiency. Drawing on the international business literature as well as recent literature on the origins of firms' capabilities, we argue that global sourcing stimulates efficiency because it influences firms' capabilities to combine and re-combine inputs in productive ways (Elliot et al. 2016) . That is, the extent to which global sourcing influences technical efficiency depends, at least in part, on how it influences capabilities that are specific to each firm. We put forth two main reasons for this.
The first is that exposure to, as well as interaction with, a foreign supplier may stimulate knowledge and information spillovers, which, in turn, enable firms to expand and improve their capabilities. The strategic management literature argues that heterogeneity in firm performance can be attributed to differences in firm capabilities, as firms vary in their ability to recombine resources to create new products or to address new problems (Mahmood et al. 2011; Dutta et al. 2005; Gulati et al. 2000) . Capabilities refer to a firm's routines and internal coordination that enable it to "combine a number of resources [efficiently] to engage in productive activity and attain a certain objective" (Dutta et al. 2005: 278) . Global sourcing can influence such capabilities because buyersupplier interaction induces knowledge transfer (van den Berg, van Marrewijk 2016; Mahmood et al. 2011; McEvily, Marcus 2005; Chetty, Holm 2000) . For instance, such interaction may stimulate the identification and adoption of best practice in production processes and design, and put firms in a better position to identify "good" inputs that match their needs. Todo et al. (2016) find that that a more extensive and varied network of suppliers stimulates knowledge diffusion, which improves the buying firm's productivity and innovation capabilities.
Our second argument is that engagement in global sourcing increases firms' incentives to develop their recombinant capabilities. The idea is that global sourcing may increase the modularity of firms' production systems, which, in turn, increases flexibility and enable combination of inputs in new ways. This enhances the returns, and hence incentives, to develop and strengthen recombinant capabilities. The interplay between modularity and returns to recombinant capabilities has been an important force determining the evolution of the computer industry. In the 1980s, new entrants to the computer industry were able to take advantage of modular design by imitating these individual modules or components to capture a significant share of the market. For instance, new firms, such as Compaq, were able to combine components from many different producers and erode the market share of the dominant firm, IBM (Baldwin, Henkel 2015; Ferguson, Morris 1993) . One may thus argue that modularization raises the importance of recombinant capabilities.
To test these ideas, we employ Stochastic Frontier Analysis (SFA) to analyse the effects of global sourcing on firms' technical efficiency. The use of technical efficiency is motivated by the theoretical arguments linking global sourcing to firms' capabilities. Technical efficiency has in recent studies been used to quantify firms' capabilities (see Dutta et al. 2005 , Mahmood et al. 2011 . In these studies, capabilities are conceived of as "the efficiency with which a firm employs a given set of resources (inputs) at its disposal to achieve certain objectives (outputs)" (Dutta et al. 2005: 277) . This is exactly what the technical efficiency of a firm aims to capture. Moreover, within industries, there tends to be a high degree of variation in firm performance, as not all firms achieve the maximum level of output attainable (Kumbhakar, Lovell 2000) . Sources of such efficiency heterogeneity include differences in the way firms organize and manage their production, as well as differences in terms of firms' ability to match characteristics of their inputs to their needs. These examples of firm-level attributes ultimately reflect differences in "managerial capability".
Using data for firms in the Swedish ICT manufacturing industry, we analyse how the variety and the extent of firms' global sourcing network influence technical efficiency. We find a positive relationship between global sourcing and technical efficiency for firms in Swedish ICT manufacturing. This finding is consistent with the hypothesis that global sourcing improves firm-level technical efficiency, and puts firms in a better position to improve their capabilities.
Data and variables
We use audited full-population register data on Swedish firms that are maintained by Statistics Sweden (SCB) 2 . This dataset includes information on firms' sales, capital expenditure, labour expenditure and value added. These data are complemented with individual-level register data, also obtained from SCB, which provide information on individuals' place of work and job classification. We use this matched employer-employee dataset to determine the skill-level of a firm's employees. In particular, we use four categories of workers when estimating the production frontier: knowledge workers, skilled workers, unskilled workers, and managers.
Finally, we complement our matched employer-employee dataset with firm-level trade data to measure each firm's level of participation in international trade. The data come from SCB and provide information each firm's total imports by product category, country of origin, the total value of each transaction in Swedish kronor and the volume (measured in kilograms) traded. We use the UN Broad Economic Categories to classify imports according to their end use. Summary statistics for all variables used in this analysis are provided in Table 1 . Global sourcing patterns are calculated using several different measures of dispersion. First, we include count values for the number of countries a firm sources from as well as the number of products imported from each country. Our second measure of diversification, the Herfindahl index, is defined as the sum of the squared share of each product (country) in a firm's imports. The Herfindahl index ranges between zero and one, so that values close to zero indicate that the firm's imports are evenly distributed among many "small" products (countries). Large values (close to 1) suggest that the variety of inputs imported by a firm is dominated by a few main products (countries). One drawback of this measure is that firms that import just one product also have a high value for the Herfindahl index. We, therefore, specify the Herfindahl index as one minus the sum of squared shares so that large values correspond with greater diversification (Jacquemin, Berry 1979) .
Our third measure, the entropy measure of diversification, accounts for the relative importance of each source country as well as the level of diversification at the product level. This can be expressed as:
where P i denotes the share of product i in a firm's total imports, P s represents the share of each source country s in a firm's total imports. We follow the method proposed in Jacquemin and Berry (1979) to decompose the variety of channels through which a firm sources its inputs by taking into consideration the country and product dimensions.
That is, we measure the dispersion of imports across source countries as well as the dispersion of imports across products within each source country. Total entropy is then decomposed into E W and E A to capture within-and across entropy-country, respectively. Here, we take advantage of the fact that we can disaggregate imports from country s into imports of product i from country s to determine the relative contribution of diversification across countries and within countries to total entropy. Thus, within-country entropy measure is defined as:
Finally, across country entropy is defined as the share of imports from country s multiplied by the log of the inverse, or:
The entropy measure is equal to zero if all imports are concentrated in one product or are sourced from just one country. Conversely, the measure is maximized when imports are evenly distributed across products and countries. Hence, we expect to find that firms vary in terms of their maximum entropy value and that this variation helps to explain variation in efficiency between firms.
Imports of intermediate inputs of ICT manufacturing firms in Sweden
This subsection analyses and discusses the sourcing patterns of manufacturing firms in the ICT industry. While nearly all firms import some fraction of their intermediate inputs, the dispersion of imports varies across firms. Figure 1 shows the variation in the number of imported intermediate inputs among firms that import, and Figure 2 shows the same pattern for the number of source countries from which firms source inputs. It is clear from the figures that there is substantial heterogeneity across firms in terms of their sourcing pattern. Only a few firms source a large number of products from abroad. The same applies to the number of source countries -these patterns show that within the group of importing firms, the depth of firms' integration into the global economy varies substantially across firms. This finding is consistent with previous research on the patterns of internationalization among firms (Eaton et al. 2008; Andersson et al. 2008 ).
Empirical strategy
Stochastic Frontier Analysis has been widely used in the productivity and efficiency literature to measure firm performance relative to some benchmark (Aigner et al. 1977) 3 . It is a parametric approach used to estimate production frontier models, allowing for the fact that firms may not always make full use of their production inputs (Del Gatto et al. 2011 ). SFA estimates the efficiency level of a firm based on the deviation between a firm's output level and the maximum output attainable using a given set of inputs. Because this deviation reflects managers' capacity to utilize firms' resources efficiently, SFA can be used to analyse firms' capabilities (Dutta et al. 2005; Mahmood et al. 2011) . Standard ways to measure productivity, such as total factor productivity (TFP), implicitly assume that all firms are technically efficient 4 (Coelli et al. 2005) . SFA enables us to relax this assumption and analyse the factors that explain why these differences in efficiency levels may arise. Figure 3 illustrates how SFA can be used to estimate technical inefficiency by measuring the distance between a firm's output and the maximum output attainable given the current level of inputs. A firm's output level may deviate from the deterministic frontier in two ways. At point A, the firm's output level lies above the frontier, but this deviation is due solely to the noise effect. In contrast, at point B, the output level lies below the frontier, and this deviation is attributed to both a noise component and an inefficiency component. The figure shows that by using SFA, a firm's performance is measured as the deviation from the frontier attributed to inefficiency while accounting for the deviation caused by firm-specific random shocks or noise.
We use SFA to estimate a firm-specific production frontier, from which each firm's level of inefficiency is computed. This means that a firm's inefficiency score is determined relative to its own frontier. In estimating the frontier, we use the Translog specification as it does not make assumptions on returns to scale in production, nor does it restrict elasticity of substitution or homotheticity. Our empirical implementation of SFA is given by:
where we measure output Y it as log value added. The variables X it and Y jt represent factors of production -capital and four categories of labour described earlier. Our main variable of interest is the composite error term, v it -u it , where u it represents technical inefficiency and v it represents the "noise" term. By definition, the technical inefficiency term, u it , is nonnegative since it measures deviation from the production frontier. The random component of the composite error term, v it , is normally distributed independently of u it and X it . To analyse the influence of global sourcing on technical efficiency, we use the time varying inefficiency model proposed by Battese and Coelli (1995) and estimate the following:
where the dependent variable, u it , refers to technical inefficiency. This model assumes that the inefficiency term follows a truncated normal distribution and allows us to estimate the frontier and the inefficiency term simultaneously. We can therefore determine the shape of the frontier term y it and the inefficiency term u it in one single step. Another key advantage of this model by Battese and Coelli (1995) is that it enables us to determine the effect of firm characteristics on mean inefficiency.
We estimate mean technical efficiency using the specification in Eq. (5), where W it ensures than u it remains nonnegative. Our main interest lies in the coefficient d 3 , which measures the influence that our measures of global sourcing, represented by the variable import_diversification it , have on mean inefficiency. We expect to obtain a negative coefficient, indicating that global sourcing has a negative effect on inefficiency -or, stated otherwise, a positive effect on efficiency. We also control for a number of confounding factors such as firm size (size). Last, we include the variable skill it to control for the share of workers with more than three years' university education and account for the level of human capital in the firm.
A key issue for our empirical analysis concerns selection effects. Well-managed firms may be in a better position and have the resources needed to source globally. This implies that a positive association between efficiency and global sourcing could reflect such a selection effect -efficient firms source more inputs globally than inefficient ones -rather than the effect of global sourcing to firm-level efficiency.
We deal with this identification problem in two main ways. First, we specify the production frontier function in Eq. (4) such that it accounts for firm-specific characteristics that may influence its production frontier. This specification ensures that the estimation of each firm's production frontier accounts for relevant production characteristics of firms, and are not erroneously picked up as technical efficiency. We decompose labour into four categories: knowledge workers, skilled production workers, managerial workers, and unskilled workers. This decomposition allows us to capture the nature and human capital intensity of production. Specifically, human capital determines a firm's capacity to absorb and assimilate external knowledge to develop new capabilities, and may influence firms' production frontier (Cohen, Levinthal 1990; Bartel, Lichtenberg 1987) .
To reflect differences in firms' internal resources, we also include a categorical variable for multinational status to account for the fact that individual firms belonging to company groups, and multinationals, in particular, may benefit from internal knowledge and technology resources as well as production routines. MNEs typically have links to several markets and knowledge sources (Dachs et al. 2007 ) and they tend to have strong internal capabilities to develop proprietary knowledge (Pfaffermayr, Bellak 2002) , which may influence their production frontier. Time dummies are included to account for temporal shocks that may influence firms' production frontier.
Finally, we include import intensity, measured as total imports divided by total sales, directly in the estimation of the production frontier (Eq. (4)). Since firms that engage in international trade tend to be larger and more productive than other firms (Andersson et al. 2008; Wagner 2007; Bernard et al. 2007; Bernard, Wagner 1997) , accounting for import intensity may capture characteristics of firms that directly influence their production frontier.
Distance to the industry frontier
In addition to analysing the influence that global sourcing has on a firm's efficiency relative to its own frontier, we also evaluate the contribution of a firm's sourcing strategy to its performance relative to the most efficient firm in the industry. The decision to import intermediate inputs is related to a firm's distance to the industry efficiency frontier. Acemoglu et al. (2007) find that the choice between vertical integration and more decentralized organizational forms depends on the firm's distance to the frontier. In particular, they show that three main characteristics influence whether firms' are more likely to be decentralized: young firms, firms that operate in more heterogeneous environments and firms that are closer to the technological frontier tend to have a more decentralized organizational structure. As the ICT manufacturing industry can be characterized as heterogeneous with many young firms (see Fig. 5 ), we therefore hypothesize that importing intermediate inputs improves a firm's performance, and induces convergence to the industry frontier.
To this end, we compute the firm's efficiency level relative to the benchmark as a measure of the distance to the industry frontier and calculate:
where * it u represents the efficiency score for the benchmark firm. We then calculate the absolute value of the distance so that large values imply that firms are closer to the frontier. Using this distance to the frontier as our measure of relative efficiency, we estimate Eq. (6):
where the dependent variable is our distance measure defined above. The right-hand side variables are the same as in Eq. (5), in which we analyse the influence of global sourcing, import it , as well as skill intensity, skill it , and a categorical variable to account for firm size. Our coefficient of interest is b 1 , which captures the relationship between the extensive margin of imports and firms' distance to the industry frontier. We expect to find a negative relationship between import diversification and our distance measure. A negative and statistically significant value for each b 1 confirms our hypothesis that greater import diversification is associated with being closer to the industry frontier. That is, more efficient firms are more deeply integrated in international markets and source a greater range of inputs internationally.
Trends in efficiency
Before discussing our main results, we first examine broad patterns in firm efficiency levels between 2003 and 2008. Figure 4 plots the trend in mean efficiency for all firms in the industry and the efficiency level for the most efficient firm in each year. There is a steady increase in the average level of efficiency over the period, as mean efficiency levels increased from 0.66 to around 0.76. 
Results
We estimate the production frontier (given in Eq. (4)) and the mean inefficiency term in Eq. (5) simultaneously. Table 2 reports the results of Eq. (5) for each measure of global sourcing. The full results of the Translog estimation are presented in the Appendix 5 .
Column 1 of Table 2 shows the results when we use the number of imported inputs as 5 Since we cannot directly interpret the parameters of the Translog model, we calculate elasticities at mean values as the derivative of output (value added) with respect to each input. All estimated elasticities are positive, with the exception of the input category managers. our measure of global sourcing. We find a negative relationship between the number of inputs imported and the mean level of inefficiency. That is, importing intermediate inputs has a positive effect on mean efficiency. These results are in line with the idea that firms who import a wider variety of inputs may be more flexible in the way their production is organized. As a result, firms that are more deeply integrated into global value chains tend to be more efficient.
We also examine the role of import variety along another dimension: the breadth of countries from which firms import and find that the greater number of source countries, the higher the level of mean efficiency (Column 2). Firms that source a wider range of inputs from more source countries can exploit differences in comparative advantage across countries to gain access to the best quality inputs. Table 2 . The influence of global sourcing on firms' inefficiency So far our measures of import diversification amount to simple product and source country counts, which may not capture the full effect of global sourcing on efficiency levels. The Herfindahl index still shows that there is a strong negative relationship between greater import diversity and inefficiency. Using total entropy as a measure of import diversification, we obtain a negative and significant coefficient (Column 5). It is also clear that within and across country entropy measures are negatively associated with inefficiency. This further indicates that global sourcing is associated with better technical efficiency.
Turning to the control variables, we see that medium-sized firms with 51-250 employees are most efficient. The relationship between firm size and efficiency is often not clear-cut. One argument is that larger firms should be more efficient since they can take advantage of economies of scale and produce a higher level of output more cheaply. However, production processes are often very complex, and there might be other factors at play that are idiosyncratic to larger firms that make them less efficient. Our findings are similar to Castiglione (2012) , who finds that medium-sized firms in the Italian manufacturing sector are more efficient than large firms. Human capital, measured as the fraction of employees with at least three years' university education, is statistically insignificant in the first three specifications but negative and significant in columns 4, 5 and 6 of Table 2 . These results indicate that firms with an educated workforce are more efficient, which is in line with our expectations.
Global sourcing and distance to the industry frontier
We now show results from an estimation of Eq. (7), which allow us to assess whether differences in firms' sourcing behaviour are related to differences in relative firm-level efficiencies. Table 3 shows the effect of imports on heterogeneity in the ICT industry. Starting with the control variables, we see that firms with a greater fraction of highskilled employees have a smaller distance to the most efficient firm in the industry. It is also clear that medium-sized as well as large firms show a smaller gap to the industry frontier. Both results are in line with expectations.
Turning to the variables of interest, Column 1 reveals that there is a negative relationship between import variety using the Herfindahl index along the product dimension and the distance to the industry frontier. This indicates that the more diversified a firm's imports, the lower the distance to the industry frontier. However, we do not find that the relationship is statistically significant.
We repeat the analysis using other measures of import variety. These include total diversification using the Herfindahl index, the number of products, the number of source countries, and our entropy measure of diversification. Column 2 shows that there is a negative and statistically significant relationship between import diversification and distance to the industry frontier. These results hold when we use count measures of diversification: importing a higher number of products from a wider range of countries is associated with better performance relative to the most efficient firm. This confirms our hypothesis that being deeply integrated into the global value chain augurs well for a firm's performance level. Table 3 . Global sourcing and distance to the industry frontier
HHI ( Note: The reports estimate on the influence of firm-level characteristics on relative efficiency (see Eq. (7)). The underlying data are 360 firms in the ICT manufacturing industry in Sweden. Inefficiencies are based on a Translog estimation of each firm's production frontier (see Eq. (4) and Eq. (5)). Results from this model are presented in Appendix. The estimations include time dummies. Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.
In Column 6, we present the estimation results of Eq. (7), in which we measure the variety of a firm's imports using total entropy. We find that there is a negative relationship between our entropy variable and distance to the frontier. In Column 5, we decompose entropy into its constituent parts -across-and within-country entropy. The results are similar to our previous findings when total entropy is used as our measure of import diversification. However, while the direction of the relationship and the size of the coefficient are similar to other measures of diversification, using entropy does not yield statistically significant results. We interpret these results as follows. Taken together, our results show that global sourcing has a strong impact on within-firm performance. Our results also show that importing a larger number of inputs puts firms in a position to improve their efficiency levels relative to the benchmark firm. Nevertheless, our entropy measure reveals that the effect of global sourcing on intra-industry heterogeneity may be more involved.
Conclusions
This paper has examined how sourcing production inputs globally influences the performance of ICT manufacturing firms in Sweden, focusing on technical efficiency. Our main argument is that the influence of global sourcing on technical efficiency is not a mechanical one. Instead, the extent to which a firm becomes more efficient as a result of global sourcing depends, at least in part, on its internal capabilities. Using SFA, we test this idea by estimating how the extent of firms' global sourcing networks influences technical efficiency.
The main conclusion of this paper is that a strategy to source globally puts firms in a better position to improve their capabilities. We find that firms that are more involved in sourcing and have a more diversified import network are indeed more efficient than their peers. These results hold across all measures of import diversification. This is consistent with the argument that global sourcing is not only about exploiting cost differences across countries, which provides firms with "static" gains from cost reductions. A more extensive import network (involving a wide variety of foreign suppliers) appears to improve the potential for knowledge and information spillovers.
This paper contributes to the growing literature emphasizing global import networks as important sources of productivity growth. We make us of detailed data on the import networks of each firm and show that the benefits of global sourcing go beyond one-time cost reductions; instead, firms may continue to derive benefits from internationalization through dynamic performance improvements. Secondly, our paper highlights how global sourcing influences the internal organization of firms. In particular, using SFA we show that recombinant capabilities allow firms to use imported inputs to achieve novel or more efficient ways to expand output.
Our research relies on the use of confidential microdata on the entire population of Swedish firms. While this leads to more generalizable results, using register data constrains our ability to determine the specific mechanism through which global sourcing enables firms to derive efficiency improvements. In this respect, future research could unpack the sources of efficiency gains through global sourcing by analysing how firms in international supply networks interact with each other. Also, understanding the types of inter-firm relationships that stimulate knowledge transfer and promote efficiency improvement is another possible avenue for future research. 
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